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(57) ABSTRACT 

For fabricating a vertical ?eld effect transistor on a semi 
conductor substrate, a bottom layer of doped insulating 
material is deposited on the semiconductor substrate. Alayer 
of dummy material is deposited on the bottom layer of doped 
insulating material. A top layer of doped insulating material 
is deposited on the layer of dummy material. An opening is 
etched through the top layer of doped insulating material, the 
layer of dummy material, and the bottom layer of doped 
insulating material. A semiconductor ?ll is contained within 
the opening. The semiconductor ?ll has at least one sidewall 
with a top portion of the sidewall abutting the top layer of 
doped insulating material, a middle portion of the sidewall 
abutting the layer of dummy material, and a bottom portion 
of the sidewall abutting the bottom layer of doped insulating 
material. The layer of dummy material is etched away such 
that the middle portion of the sidewall of the semiconductor 
?ll is exposed. A gate electrode opening disposed between 
the top and bottom layers of doped insulating material is 
formed when the layer of dummy material is etched away. 
A gate dielectric of the vertical ?eld effect transistor is 
formed on the exposed middle portion of the sidewall of the 
semiconductor ?ll. The electrode opening between the top 
and bottom layers of doped insulating material is ?lled with 
electrode material to form a gate electrode on the dielectric. 
Dopant diffuses from the bottom and top layers of doped 
insulating material into the bottom and top portions of the 
semiconductor ?ll to form ?rst and second drain or source 
extension junctions respectively. 

21 Claims, 9 Drawing Sheets 
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METHOD OF MAKING VERTICAL FIELD 
EFFECT TRANSISTOR HAVING CHANNEL 

LENGTH DETERMINED BY THE 
THICKNESS OF A LAYER OF DUMMY 

MATERIAL 

TECHNICAL FIELD 

This invention relates generally to ?eld effect transistors, 
and more particularly to a vertical ?eld effect transistor 
fabricated by growing a semiconductor material Within an 
opening formed through doped insulating materials for 
de?ning the drain and source extension junctions of the 
vertical ?eld effect transistor and through a layer of dummy 
material deposited betWeen the doped insulating materials 
for de?ning the channel region of the vertical ?eld effect 
transistor. 

BACKGROUND OF THE INVENTION 

Referring to FIG. 1, a common component of a mono 
lithic IC is a planar MOSFET (Metal Oxide Semiconductor 
Field Effect Transistor) 100 Which is fabricated Within a 
semiconductor substrate 102. The scaled doWn MOSFET 
100 having submicron or nanometer dimensions includes a 
drain extension junction 104 and a source extension junction 
106 formed Within an active device area 126 of the semi 
conductor substrate 102. The drain extension junction 104 
and the source extension junction 106 are shalloW junctions 
to minimize short-channel effects in the MOSFET 100 
having submicron or nanometer dimensions, as knoWn to 
one of ordinary skill in the art of integrated circuit fabrica 
tion. 

The MOSFET 100 further includes a drain contact junc 
tion 108 With a drain silicide 110 for providing contact to the 
drain of the MOSFET 100 and includes a source contact 
junction 112 With a source silicide 114 for providing contact 
to the source of the MOSFET 100. The drain contact 
junction 108 and the source contact junction 112 are fabri 
cated as deeper junctions such that a relatively large siZe of 
the drain silicide 110 and the source silicide 114 respectively 
may be fabricated therein to provide loW resistance contact 
to the drain and the source respectively of the MOSFET 100. 

The MOSFET 100 further includes a gate dielectric 116 
and a gate electrode 118 Which may be comprised of 
polysilicon. A gate silicide 120 is formed on the polysilicon 
gate electrode 118 for providing contact to the gate of the 
MOSFET 100. The MOSFET 100 is electrically isolated 
from other integrated circuit devices Within the semicon 
ductor substrate 102 by shalloW trench isolation structures 
121. The shalloW trench isolation structures 121 de?ne the 
active device area 126, Within the semiconductor substrate 
102, Where the MOSFET 100 is fabricated therein. 

The MOSFET 100 also includes a spacer 122 disposed on 
the sideWalls of the gate electrode 118 and the gate dielectric 
116. When the spacer 122 is comprised of silicon nitride 
(Si3N4), then a spacer liner oxide 124 is deposited as a buffer 
layer betWeen the spacer 122 and the sideWalls of the gate 
electrode 118 and the gate dielectric 116. 
A long-recogniZed important objective in the constant 

advancement of monolithic IC (Integrated Circuit) technol 
ogy is the scaling-doWn of IC dimensions. Such scaling 
doWn of IC dimensions reduces area capacitance and is 
critical to obtaining higher speed performance of integrated 
circuits. Moreover, reducing the area of an IC die leads to 
higher yield in IC fabrication. Such advantages are a driving 
force to constantly scale doWn IC dimensions. 
As the dimensions of the MOSFET 100 are scaled doWn 

to tens of nanometers, short-channel effects degrade the 
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2 
performance of the MOSFET 100. Short-channel effects that 
result due to the short length of the channel region betWeen 
the drain extension junction 104 and the source extension 
junction 106 of the MOSFET 100 are knoWn to one of 
ordinary skill in the art of integrated circuit fabrication. The 
electrical characteristics of the MOSFET 100 become dif 
?cult to control With bias on the gate electrode 118 With 
short-channel effects Which may severely degrade the per 
formance of the MOSFET. 

As the dimensions of the MOSFET 100 are further scaled 
doWn to tens of nanometers, short channel effects are more 
likely to disadvantageously affect the operation of the MOS 
FET 100, as knoWn to one of ordinary skill in the art of 
integrated circuit fabrication. In the conventional planar 
MOSFET 100 of FIG. 1, the gate dielectric 116 and the gate 
electrode 118 are disposed over one plane of the channel 
region betWeen the drain and source extension junctions 104 
and 106. HoWever, as the dimensions of the MOSFET 100 
are further scaled doWn to tens of nanometers, control of 
charge accumulation Within the channel region of the MOS 
FET from a plurality of planes of the channel region is 
desired to minimiZe short channel effects. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to fabrica 
tion of a vertical ?eld effect transistor having a respective 
gate dielectric and a respective gate electrode formed at each 
of a plurality of planes of the channel region of the vertical 
?eld effect transistor to minimiZe undesired short channel 
effects. 

In a general aspect of the present invention, for fabricating 
a vertical ?eld effect transistor on a semiconductor substrate, 
a ?rst drain or source contact junction is doped With a ?rst 
dopant Within an active device area of the semiconductor 
substrate. A bottom layer of doped insulating material is 
deposited on the semiconductor substrate, and the bottom 
layer of doped insulating material is doped With a second 
dopant. A layer of dummy material is deposited on the 
bottom layer of doped insulating material. A top layer of 
doped insulating material is deposited on the layer of 
dummy material, and the top layer of doped insulating 
material is doped With a third dopant. 
An opening is etched through the top layer of doped 

insulating material, the layer of dummy material, and the 
bottom layer of doped insulating material. The opening is 
disposed over the active device area of the semiconductor 
substrate such that the opening has a bottom Wall of the 
semiconductor substrate. The opening is ?lled With a semi 
conductor material to form a semiconductor ?ll contained 
Within the opening. The semiconductor ?ll has at least one 
sideWall With a top portion of the at least one sideWall 
abutting the top layer of doped insulating material, and With 
a middle portion of the at least one sideWall abutting the 
layer of dummy material, and With a bottom portion of the 
at least one sideWall abutting the bottom layer of doped 
insulating material. 
The layer of dummy material is etched aWay such that the 

middle portion of the at least one sideWall of the semicon 
ductor ?ll is exposed. A gate electrode opening disposed 
betWeen the top and bottom layers of doped insulating 
material is formed When the layer of dummy material is 
etched aWay. A gate dielectric of the vertical ?eld effect 
transistor is formed on the exposed middle portion of the at 
least one sideWall of the semiconductor ?ll. The middle 
portion of the semiconductor ?ll abutting the gate dielectric 
forms a channel region of the vertical ?eld effect transistor. 
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The gate electrode opening between the top and bottom 
layers of doped insulating material is ?lled With a gate 
electrode material. The gate electrode material abuts the gate 
dielectric to form a gate electrode of the vertical ?eld effect 
transistor. The gate dielectric and the gate electrode formed 
at the sideWall of the semiconductor ?ll is disposed on a 
plurality of planes of the channel region of the vertical ?eld 
effect transistor. A thermal anneal is performed such that the 
second dopant diffuses from the bottom layer of doped 
insulating material into the bottom portion of the semicon 
ductor ?ll to form a ?rst drain or source extension junction 
of the vertical ?eld effect transistor, and such that the third 
dopant diffuses from the top layer of doped insulating 
material into the top portion of the semiconductor ?ll to form 
a second drain or source extension junction of the vertical 
?eld effect transistor. 

In one embodiment of the present invention, the bottom 
and top layers of the doped insulating material are com 
prised of PSG (phospho-silicate glass) such that the second 
and third dopants are comprised of phosphorous for forma 
tion of a vertical NMOSFET (N-channel Metal Oxide Semi 
conductor Field Effect Transistor). In an alternative embodi 
ment of the present invention, the bottom and top layers of 
the doped insulating material are comprised of BSG (boro 
silicate glass) such that the second and third dopants are 
comprised of boron for formation of a vertical PMOSFET 
(P-channel Metal Oxide Semiconductor Field Effect 
Transistor). 

In this manner, a vertical ?eld effect transistor is formed 
to have a respective gate dielectric and a respective gate 
electrode on each of a plurality of planes of the channel 
region formed Within the semiconductor ?ll for better con 
trol of charge accumulation Within the channel region such 
that undesired short channel effects are minimiZed. In 
addition, With application of bias voltage on the respective 
gate electrode at each of a plurality of planes of the channel 
region, higher drive current is achieved for enhanced speed 
performance of the vertical ?eld effect transistor. 
Furthermore, the length of the channel region is determined 
by the thickness of the layer of dummy material deposited 
betWeen the top and bottom layers of doped insulating 
material. Thus, the length of the channel region of the 
vertical ?eld effect transistor may be scaled doWn beyond 
those possible from photolithography limitations. 

These and other features and advantages of the present 
invention Will be better understood by considering the 
folloWing detailed description of the invention Which is 
presented With the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a cross sectional vieW of a conventional 
planar MOSFET fabricated Within a semiconductor sub 
strate according to the prior art; 

FIGS. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 shoW cross 
sectional vieWs of a vertical MOSFET fabricated by forming 
a semiconductor ?ll Within an opening formed through 
layers of doped insulating material and a layer of dummy 
material such that a respective gate dielectric and a respec 
tive gate electrode are formed at each of a plurality of planes 
of the channel region formed from the semiconductor ?ll, to 
minimiZe undesired short channel effects according to an 
embodiment of the present invention; 

FIG. 13 shoWs a cross sectional vieW of the vertical 
MOSFET of FIG. 12 With the drain or source extension 
junctions extending inWard through a portion of a semicon 
ductor ?ll, according another embodiment of the present 
invention; 
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4 
FIG. 14 shoWs a top vieW of the channel region and the 

respective gate dielectric and the respective gate electrode at 
each of tWo sideWalls of the semiconductor ?ll for the 
vertical MOSFET of FIG. 12, according to an embodiment 
of the present invention; 

FIG. 15A shoWs a top vieW of the channel region and the 
respective gate dielectric and the respective gate electrode at 
each of four sideWalls of the semiconductor ?ll having a 
square shape for the vertical MOSFET of FIG. 12, according 
to another embodiment of the present invention; 

FIG. 15B shoWs a top vieW of the channel region and the 
respective gate dielectric and the respective gate electrode 
surrounding the semiconductor ?ll having a circular shape 
for the vertical MOSFET of FIG. 12, according to another 
embodiment of the present invention; 

FIGS. 16, 17, and 18 shoW cross sectional vieWs of a 
vertical MOSFET fabricated by forming a semiconductor ?ll 
Within an opening formed through layers of doped insulating 
material and a layer of dummy material With addition of 
intermediary layers of undoped insulating material to mini 
miZe overlap capacitance betWeen the gate electrode and the 
drain and source extension junctions, according to a further 
embodiment of the present invention; 

FIGS. 19, 20, and 21 shoW cross sectional vieWs of a 
vertical MOSFET fabricated With deposition of an addi 
tional layer of semiconductor material on a top surface of the 
semiconductor ?ll to form loW resistance contact to the drain 
or the source of the vertical MOSFET, according to another 
embodiment of the present invention; 

FIGS. 22, 23, and 24 shoW cross sectional vieWs of a 
vertical MOSFET fabricated With epitaxial groWth of an 
additional mushroom semiconductor structure on a top sur 
face of the semiconductor ?ll to form loW resistance contact 
to the drain or the source of the vertical MOSFET, according 
to a further embodiment of the present invention; and 

FIGS. 25 and 26 shoW cross sectional vieWs of a vertical 
MOSFET fabricated With doping of the bottom drain or 
source extension junction from diffusion of dopant from the 
semiconductor substrate, according to another embodiment 
of the present invention. 
The ?gures referred to herein are draWn for clarity of 

illustration and are not necessarily draWn to scale. Moreover, 
the ?gures referred to herein shoW a vertical MOSFET that 
is typically part of a larger integrated circuit. Elements 
having the same reference number in FIGS. 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15A, 15B, 16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, and 26 refer to elements having similar 
structure and function. 

DETAILED DESCRIPTION 

Example embodiments of the present invention are illus 
trated and described for forming a vertical MOSFET Within 
an active device area of a bulk semiconductor substrate. 
HoWever, the present invention may also be applied for 
forming a vertical MOSFET Within an active device area of 
a semiconductor ?lm formed on an insulating layer in SOI 
(semiconductor on insulator) technology, as Would be appar 
ent to one of ordinary skill in the art of integrated circuit 
fabrication from the description herein. 

Referring to FIG. 2, for fabricating a vertical MOSFET 
200 of an embodiment of the present invention, a ?rst dopant 
is implanted into an active device area 202 of a semicon 
ductor substrate 204 de?ned by shalloW trench isolation 
structures 206. The semiconductor substrate 204 is com 
prised of silicon or a silicon substrate With germanium 
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doping as known to one of ordinary skill in the art of 
integrated circuit fabrication, according to one embodiment 
of the present invention. The shallow trench isolation struc 
tures 206 are comprised of a dielectric material as knoWn to 
one of ordinary skill in the art of integrated circuit 
fabrication, according to one embodiment of the present 
invention. Processes for fabrication of shalloW trench iso 
lation structures 206 for de?ning the active device area 202 
of the semiconductor substrate 204 are knoWn to one of 
ordinary skill in the art of integrated circuit fabrication. 

Masking structures 208 comprised of photoresist material 
according to one embodiment of the present invention de?ne 
a ?rst drain or source contact junction 210 having the ?rst 
dopant implanted therein. The masking structures 208 block 
the ?rst dopant from being implanted into the areas of the 
semiconductor substrate 204 covered by the masking struc 
tures 208. Processes for patterning the masking structures 
208 to de?ne the ?rst drain or source contact junction 210 
are knoWn to one of ordinary skill in the art of integrated 
circuit fabrication. 

Referring to FIG. 3, after formation of the ?rst drain or 
source contact junction 210, the masking structures 208 are 
etched aWay. Processes for etching aWay the masking struc 
tures 208 Which are comprised of photoresist material 
according to one embodiment of the present invention are 
knoWn to one of ordinary skill in the art of integrated circuit 
fabrication. Further referring to FIG. 3, a bottom layer of 
doped insulating material 214 is deposited on the semicon 
ductor substrate 204. The bottom layer of doped insulating 
material 214 has a ?rst thickness 220 and is doped With a 
second dopant. In addition, a layer of dummy material 216 
is deposited on the bottom layer of doped insulating material 
214. The layer of dummy material 216 is comprised of 
silicon nitride (Si3N4) according to one embodiment of the 
present invention. Furthermore, a top layer of doped insu 
lating material 218 is deposited on the layer of dummy 
material 216. The top layer of doped insulating material 218 
has a second thickness 222 and is doped With a third dopant. 

The layer of dummy material 216 may be comprised of 
other suitable materials such as silicon oxynitride (SiON) or 
a silicon rich nitride ?lm as knoWn to one of ordinary skill 
in the art of integrated circuit fabrication. Generally, the 
present invention may be practiced When the layer of 
dummy material 216 is comprised of a material having a 
different etch rate than that of the top and bottom layers of 
doped insulating material 214 and 218. 

According to one embodiment of the present invention, 
the bottom layer of doped insulating material 214 and the top 
layer of doped insulating material 218 are comprised of PSG 
(phospho-silicate glass). In that case, the ?rst dopant Within 
the ?rst drain or source contact junction 210, the second 
dopant Within the bottom layer of doped insulating material 
214, and the third dopant Within the top layer of doped 
insulating material 218 are comprised of phosphorous for 
fabrication of a vertical NMOSFET (N-channel metal oxide 
semiconductor ?eld effect transistor). In another embodi 
ment of the present invention, the bottom layer of doped 
insulating material 214 and the top layer of doped insulating 
material 218 are comprised of BSG (boro-silicate glass). In 
that case, the ?rst dopant Within the ?rst drain or source 
contact junction 210, the second dopant Within the bottom 
layer of doped insulating material 214, and the third dopant 
Within the top layer of doped insulating material 218 are 
comprised of boron for fabrication of a vertical PMOSFET 
(P-channel metal oxide semiconductor ?eld effect 
transistor). Processes for deposition of such a bottom layer 
of doped insulating material 214, such a layer of dummy 
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6 
material 216, and such a top layer of doped insulating 
material 218 are knoWn to one of ordinary skill in the art of 
integrated circuit fabrication. 

Referring to FIG. 4, an opening 224 is etched through the 
bottom layer of doped insulating material 214, the layer of 
dummy material 216, and the top layer of doped insulating 
material 218. The opening 224 is disposed over the active 
device area 202 of the semiconductor substrate 204 such that 
a bottom Wall of the opening 224 is formed by the ?rst drain 
or source contact junction 210. Processes such as photoli 
thography processes for patterning the opening 224 through 
the bottom layer of doped insulating material 214, the layer 
of dummy material 216, and the top layer of doped insulat 
ing material 218 are knoWn to one of ordinary skill in the art 
of integrated circuit fabrication. 

Referring to FIGS. 4 and 5, a semiconductor ?ll 226 is 
formed to ?ll the opening 224. In one embodiment of the 
present invention, the semiconductor ?ll 226 is comprised of 
silicon epitaxially groWn from the semiconductor substrate 
204 at the bottom Wall of the opening 224. In that case, the 
semiconductor substrate 204 acts as a seed for the epitaxial 
groWth of the semiconductor ?ll 226 at the bottom Wall of 
the opening 224. Processes for epitaxially groWing the 
semiconductor ?ll 226 comprised of silicon are knoWn to 
one of ordinary skill in the art of integrated circuit fabrica 
tion. 

For epitaxially groWing silicon from the semiconductor 
substrate 204 at the bottom Wall of the opening 224, one of 
the folloWing reactants are typically used as the silicon 
source: silicon tetrachloride (SiCl4), trichlorosilane 
(SiHCl3), dichlorosilane (SiH2Cl2), and silane (SiH4). The 
temperature used for epitaxial groWth of silicon from such 
reactants decreases With a loWer number of chlorine atoms 
and a higher number of hydrogen atoms for such reactants. 
For example, the temperature for epitaxial groWth of silicon 
from tetrachloride (SiCl4) is in a range of from about 1150° 
Celsius to about 1250° Celsius. The temperature for epi 
taxial groWth of silicon from trichlorosilane (SiHCl3) is in a 
range of from about 1100° Celsius to about 1200° Celsius. 
The temperature for epitaxial groWth of silicon from dichlo 
rosilane (SiH2Cl2) is in a range of from about 1050° Celsius 
to about 1150° Celsius. The temperature for epitaxial groWth 
of silicon from silane (SiH4) is in a range of from about 950° 
Celsius to about 1050° Celsius. 

In one embodiment of the present invention, silane (SiH4) 
is used as the reactant for epitaxial groWth of silicon for the 
semiconductor ?ll 226 such that a loWest possible tempera 
ture may be used for the epitaxial groWth of silicon for the 
semiconductor ?ll 226. AloWer temperature is advantageous 
for minimiZing transient diffusion of dopant for the vertical 
?eld effect transistor 200 having scaled doWn dimensions of 
tens of nanometers. In addition, referring to FIGS. 3 and 5, 
the second thickness 222 of the top layer of doped insulating 
material 218 is higher than the ?rst thickness 220 of the 
bottom layer of doped insulating material 214 to ensure that 
the semiconductor ?ll 226 does not groW out of the opening 
224. 

Further referring to FIG. 5, after formation of the semi 
conductor ?ll 226, a fourth dopant is implanted through the 
top surface of the semiconductor ?ll 226 to form a second 
drain or source contact junction 228. The second drain or 
source contact junction 228 is the top portion of the semi 
conductor ?ll 226 having the fourth dopant implanted 
therein. The fourth dopant may be comprised of phospho 
rous When the ?rst dopant Within the ?rst drain or source 
contact junction 210, the second dopant Within the bottom 
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layer of doped insulating material 214, and the third dopant 
Within the top layer of doped insulating material 218 are 
comprised of phosphorous for fabrication of a vertical 
NMOSFET (N-channel metal oxide semiconductor ?eld 
effect transistor). Alternatively, the fourth dopant may be 
comprised of boron When the ?rst dopant Within the ?rst 
drain or source contact junction 210, the second dopant 
Within the bottom layer of doped insulating material 214, 
and the third dopant Within the top layer of doped insulating 
material 218 are comprised of boron for fabrication of a 
vertical PMOSFET (P-channel metal oxide semiconductor 
?eld effect transistor). 

In addition, referring to FIG. 5, the semiconductor ?ll 226 
has at least one sideWall (including a left sideWall and a right 
sideWall in FIG. 5). Atop portion of the at least one sideWall 
of the semiconductor ?ll 226 abuts the top layer of doped 
insulating material 218. A middle portion of the at least one 
sideWall of the semiconductor ?ll 226 abuts the layer of 
dummy material 216. A bottom portion of the at least one 
sideWall of the semiconductor ?ll 226 abuts the bottom layer 
of doped insulating material 214. 

The second dopant from the bottom layer of doped 
insulating material 214 diffuses into the bottom portion of 
the semiconductor ?ll 226 to form a ?rst drain or source 
extension junction 232 during a thermal anneal process. 
Similarly, the third dopant from the top layer of doped 
insulating material 218 diffuses into the top portion of the 
semiconductor ?ll 226 to form a second drain or source 
extension junction 234 during a thermal anneal process. 
Thermal anneal processes are knoWn to one of ordinary skill 
in the art of integrated circuit fabrication. 

Referring to FIGS. 5 and 6, a masking structure 236 
comprised of photoresist material in one embodiment of the 
present invention is formed over an inner portion of the top 
layer of doped insulating material 218. Photolithography 
processes for forming the masking structure 236 comprised 
of photoresist material are knoWn to one of ordinary skill in 
the art of integrated circuit fabrication. Any outer portion of 
the top layer of doped insulating material 218 not covered by 
the masking structure 236 is etched aWay to expose the layer 
of dummy material 216. Processes for selectively etching 
aWay the top layer of doped insulating material 218 com 
prised of silicate glass While preserving the layer of dummy 
material 216 comprised of silicon nitride (Si3N4) for 
example are knoWn to one of ordinary skill in the art of 
integrated circuit fabrication. 

Referring to FIGS. 6 and 7, the masking structure 236 and 
the layer of dummy material 216 are etched aWay. Processes 
for etching aWay the masking structure 236 Which is com 
prised of photoresist and for etching aWay the layer of 
dummy material 216 Which is comprised of silicon nitride 
(Si3N4) for example are knoWn to one of ordinary skill in the 
art of integrated circuit fabrication. A gate electrode opening 
237 is formed betWeen the top layer of doped insulating 
material 218 and the bottom layer of doped insulating 
material 214 When the layer of dummy material 216 is 
etched aWay. In addition, the middle portion of the sideWall 
of the semiconductor ?ll 226 is exposed When the layer of 
dummy material 216 is etched aWay. 

Referring to FIGS. 7 and 8, a gate dielectric 238 is formed 
on the exposed middle portion of the sideWall of the semi 
conductor ?ll 226. The gate dielectric 238 may be comprised 
of silicon dioxide (SiO2) thermally groWn from the exposed 
middle portion of the sideWall of the semiconductor ?ll 226 
comprised of silicon according to one embodiment of the 
present invention. Processes for thermally groWing silicon 

15 

25 

35 

45 

55 

65 

8 
dioxide (SiO2) for the gate dielectric 238 are knoWn to one 
of ordinary skill in the art of integrated circuit fabrication. 
During such a process, a silicon dioxide (SiO2) structure 240 
also groWs from the exposed top surface of the semicon 
ductor ?ll 226. The middle portion of the semiconductor ?ll 
226 abutting the gate dielectric 238 and disposed betWeen 
the drain or source extensions junctions 232 and 234 forms 
the channel region of the vertical MOSFET 200. 

Referring to FIGS. 8 and 9, after formation of the gate 
dielectric 238, a gate electrode material 242 is conformally 
deposited to ?ll the gate electrode opening 237 betWeen the 
top layer of doped insulating material 218 and the bottom 
layer of doped insulating material 214. The gate electrode 
material 242 is comprised of polysilicon according to one 
embodiment of the present invention. Processes for confor 
mally depositing such gate electrode material 242 to ?ll the 
gate electrode opening 237 betWeen the top layer of doped 
insulating material 218 and bottom layer of doped insulating 
material 214 are knoWn to one of ordinary skill in the art of 
integrated circuit fabrication. 

Referring to FIGS. 9 and 10, the gate electrode material 
242 is anisotropically etched such that the gate electrode 
material 242 remains substantially betWeen the top layer of 
doped insulating material 218 and the bottom layer of doped 
insulating material 214 to form a gate electrode 244 com 
prised of the gate electrode material 242. Processes for 
anisotropically etching the gate electrode material 242 to 
form the gate electrode 244 are knoWn to one of ordinary 
skill in the art of integrated circuit fabrication. 

Referring to FIGS. 10 and 11, the silicon dioxide (SiO2) 
structure 240 on top of the semiconductor ?ll 226 is etched 
aWay to expose the top surface of the semiconductor ?ll 226. 
In addition, the remaining inner portion of the top layer of 
doped insulating material 218 is etched doWn to expose the 
sideWalls of a portion of the semiconductor ?ll 226 near the 
top surface of the semiconductor ?ll 226. Processes for 
etching aWay the silicon dioxide (SiO2) structure 240 on top 
of the semiconductor ?ll 226 and for etching doWn the top 
layer of doped insulating material 218 to expose the side 
Walls of a portion of the semiconductor ?ll 226 near the top 
surface of the semiconductor ?ll 226 are knoWn to one of 
ordinary skill in the art of integrated circuit fabrication. 

Referring to FIGS. 11 and 12, gate silicide 246 is formed 
With any exposed surface of the gate electrode 244 for 
providing contact to the gate of the vertical MOSFET 200. 
In addition, a drain or source silicide 248 is formed With any 
exposed surfaces of the semiconductor ?ll 226 for providing 
contact to the drain or source of the vertical MOSFET 200. 
The gate silicide 246 and the drain or source silicide 248 are 
comprised of nickel silicide (NiSi), cobalt silicide (CoSi), 
palladium silicide (PdSi), platinum silicide (PtSi), or any 
other silicide materials as knoWn to one of ordinary skill in 
the art of integrated circuit fabrication. Processes for for 
mation of such silicide materials are knoWn to one of 
ordinary skill in the art of integrated circuit fabrication. 

In one embodiment of the present invention, the ?rst drain 
or source contact junction 210 is a drain contact junction 210 
for providing contact to the drain of the vertical MOSFET 
200. In that case, the ?rst drain or source extension junction 
232 is a drain extension junction, and the drain contact 
junction 210 and the drain extension junction 232 form the 
drain of the vertical MOSFET 200. In addition, the second 
drain or source extension junction 234 is a source extension 
junction, and the second drain or source contact junction 228 
is a source contact junction that form the source of the 
vertical MOSFET 200. Alternatively, the ?rst drain or source 
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contact junction 210 may be used as a source contact 
junction, and the ?rst drain or source extension junction 232 
may be used as a source extension junction. In that case, the 
second drain or source contact junction 228 is used as a drain 
contact junction, and the second drain or source extension 
junction 234 is used as a drain extension junction. 

Referring to FIG. 13, in another embodiment of the 
present invention, the dopant Within each of the drain or 
source extension junctions 232 or 234 diffuse inWards 
toWard the center of the semiconductor ?ll 226 to join 
together. Thus, referring to FIG. 13, the ?rst drain or source 
extension junction 232 is formed from the second dopant 
being diffused from the bottom layer of doped insulating 
material 214 into the Whole bottom portion of the semicon 
ductor ?ll 226. Similarly, the second drain or source exten 
sion junction 234 is formed from the third dopant being 
diffused from the top layer of doped insulating material 218 
into the Whole top portion of the semiconductor ?ll 226. The 
middle portion of the semiconductor ?ll 226 abutting the 
gate dielectric 238 and disposed betWeen the drain or source 
extensions junctions 232 and 234 forms the channel region 
of the vertical MOSFET 200. 

Referring to FIG. 14, in a top vieW of the semiconductor 
?ll 226, the semiconductor ?ll 226 is formed as a line Within 
a trench as the opening 224, according to one embodiment 
of the present invention. Thus, the gate dielectric 238 and the 
gate electrode 244 abut tWo sideWalls of the semiconductor 
?ll 226. In that case, the cross sectional vieWs of FIGS. 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, and 13 are across dashed line A—A 
in FIG. 14. Alternatively, in a top vieW of the semiconductor 
?ll 226 in FIG. 15A, the semiconductor ?ll 226 forms a 
square shape Within a square hole as the opening 224. Thus, 
the gate dielectric 238 and the gate electrode 244 abut four 
sideWalls of the semiconductor ?ll 226, according to another 
embodiment of the present invention. In that case, the cross 
sectional vieWs of FIGS. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 
13 are across dashed line B—B in FIG. 15A. In addition, in 
a top vieW of the semiconductor ?ll 226 in FIG. 15B, the 
semiconductor ?ll 226 forms a circular shape Within a 
circular hole as the opening 224. Thus, the gate dielectric 
238 and the gate electrode 244 surround the circular sideWall 
of the semiconductor ?ll 226, according to another embodi 
ment of the present invention. In that case, the cross sec 
tional vieWs of FIGS. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 13 
are across dashed line C—C in FIG. 15B. The present 
invention may be practiced With other shapes of the semi 
conductor ?ll 226 and the opening 224, as Would be apparent 
to one of ordinary skill in the art of integrated circuit 
fabrication from the description herein. 

In any case, the gate electrode 244 and the gate dielectric 
238 are formed on each of at least tWo planes surrounding 
the channel region of the vertical MOSFET 200 for better 
control of charge accumulation Within the channel region 
such that undesired short channel effects are minimiZed. In 
addition, With application of bias voltage on the gate elec 
trode 244 at each of at least tWo planes surrounding the 
channel region, higher drive current is achieved for 
enhanced speed performance of the vertical MOSFET 200. 
Furthermore, the length of the channel region is determined 
by the thickness of the layer of dummy material 216 
deposited betWeen the top and bottom layers of doped 
insulating material 218 and 214 While the drain or source 
extension junctions 232 and 234 are aligned With the top and 
bottom layers of doped insulating material 218 and 214. 
Thus, the length of the channel region of the vertical 
MOSFET 200 may be scaled doWn beyond those possible 
from photolithography limitations. 
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The foregoing is by Way of example only and is not 

intended to be limiting. For example, any materials or 
dimensions speci?ed herein are by Way of example only. As 
Will be understood by those skilled in the art, the integrated 
circuit structures described herein may be made or used in 
the same Way regardless of their position and orientation. 
Accordingly, it is to be understood that terms and phrases 
such as “sideWall,” “top,” “bottom,” and “on,” as used 
herein refer to the relative location and orientation of various 
portions of the structures With respect to one another, and are 
not intended to suggest that any particular absolute orien 
tation With respect to external objects is necessary or 
required. 

In addition, example embodiments of the present inven 
tion are illustrated and described for forming a vertical 
MOSFET Within an active device area of a bulk semicon 
ductor substrate. HoWever, the present invention may also be 
applied for forming a vertical MOSFET Within an active 
device area of a semiconductor ?lm formed on an insulating 

layer in SOI (semiconductor on insulator) technology, as 
Would be apparent to one of ordinary skill in the art of 
integrated circuit fabrication from the description herein. 
Also, the semiconductor material of the semiconductor 
substrate or the semiconductor ?lm in SOI technology are 
comprised of silicon or silicon doped With germanium, 
according to one embodiment of the present invention. 

Furthermore, the embodiments of the present invention as 
described may be practiced With further modi?cations. For 
example, referring to FIG. 16, a top intermediary layer of 
undoped insulating material 252 is deposited betWeen the 
top layer of doped insulating material 218 and the layer of 
dummy material 216, and a bottom intermediary layer of 
undoped insulating material 254 is deposited betWeen the 
bottom layer of doped insulating material 214 and the layer 
of dummy material 216. The top and bottom intermediary 
layers of undoped insulating material 252 and 254 do not 
have any dopant therein and are comprised of substantially 
pure silicon dioxide (SiO2) according to one embodiment of 
the present invention. Processes for depositing such top and 
bottom intermediary layers of undoped insulating material 
252 and 254 are knoWn to one of ordinary skill in the art of 
integrated circuit fabrication. 

Referring to FIGS. 16, and 17, the semiconductor ?ll 226 
of a vertical MOSFET 300 is formed Within an opening 
formed through the top layer of doped insulating material 
218, the top intermediary layer of undoped insulating mate 
rial 252, the layer of dummy material 216, the bottom 
intermediary layer of undoped insulating material 254, and 
the bottom layer of doped insulating material 214, in a 
similar manner as described in reference to FIGS. 4 and 5. 
Referring to FIG. 18, the vertical MOSFET 300 is formed by 
etching aWay the layer of dummy material 216 in FIG. 17 
and forming the gate dielectric 238 and the gate electrode 
244, in a similar manner as described in reference to FIGS. 
6, 7, 8, 9, 10, 11, and 12. Elements having the same reference 
number in FIGS. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 16, 17, 
and 18 refer to elements having similar structure and func 
tion. 

For the vertical MOSFET 300, the source or drain exten 
sion junctions 232 and 234 formed from dopants diffused 
from the top and bottom layers of the doped insulating 
material 218 and 214 are further removed from the channel 
region abutting the gate dielectric 238 because of insertion 
of the top and bottom intermediary layers of undoped 
insulating material 252 and 254. Thus, the overlap of the 
drain or source extension junctions 232 and 234 to the gate 
dielectric 238 is minimiZed to in turn minimiZe the overlap 
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capacitance between the gate and the drain and source of the 
vertical MOSFET 300. Such minimized overlap capacitance 
betWeen the gate and the drain and source advantageously 
results in enhanced speed performance of the vertical MOS 
FET 300. 

Referring to FIGS. 3, 4, and 5, in another embodiment of 
the present invention, the bottom layer of doped insulating 
material 214 has a graduated dopant concentration of the 
second dopant With a loWest concentration toWard the top 
near the layer of dummy material 214. In this manner, the 
?rst drain or source extension junction 232, formed from the 
second dopant diffused into the bottom portion of the 
semiconductor ?ll 226 from the bottom layer of doped 
insulating material 214, has a graduated dopant concentra 
tion With a loWest concentration toWard the channel region. 
Similarly, the top layer of doped insulating material 218 has 
a graduated dopant concentration of the third dopant With a 
loWest concentration toWard the bottom near the layer of 
dummy material 214. In this manner, the second drain or 
source extension junction 234, formed from the third dopant 
diffused into the top portion of the semiconductor ?ll 226 
from the top layer of doped insulating material 218, has a 
graduated dopant concentration With a loWest concentration 
toWard the channel region. A loW concentration of dopant 
near the channel region Within the drain or source extension 
junctions 232 and 234 further minimiZes short channel 
effects of the vertical MOSFET 200. 

In a further embodiment of the present invention, refer 
ring to FIGS. 3, 4, and 5, the concentration of the second 
dopant Within the bottom layer of doped insulating material 
214 is loWer than the concentration of the third dopant 
Within the top layer of doped insulating material 218. In this 
manner, the concentration of the second dopant Within the 
?rst drain or source extension junction 232 is loWer than the 
concentration of the third dopant Within the second drain or 
source extension junction 234. Such a feature may be 
advantageous for formation of an asymmetric vertical MOS 
FET 200 With the ?rst extension junction 232 being a drain 
extension junction and With the second extension junction 
234 being a source extension junction. An asymmetric 
MOSFET With a highly doped source junction and With a 
lightly doped drain junction is advantageous for further 
minimiZing short channel effects of the MOSFET, as knoWn 
to one of ordinary skill in the art of integrated circuit 
fabrication. 

Referring to FIGS. 3 and 19, in a further embodiment of 
the present invention, an added layer of semiconductor 
material 262 is deposited on the top surface of the semicon 
ductor ?ll 226. The added layer of semiconductor material 
262 is comprised of polysilicon When the semiconductor ?ll 
226 is comprised of silicon. The fourth dopant for forming 
the second drain or source contact junction 228 is implanted 
into the added layer of semiconductor material 262. 

Referring to FIGS. 20 and 21, a vertical MOSFET 400 is 
formed by etching aWay the layer of dummy material 216 
and forming the gate dielectric 238 and the gate electrode 
244, in a similar manner as described in reference to FIGS. 
6, 7, 8, 9, 10, 11, and 12. Elements having the same reference 
number in FIGS. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 19, 20, 
and 21 refer to elements having similar structure and func 
tion. For the vertical MOSFET 400 of FIG. 21, a drain or 
source silicide 264 is formed With the added semiconductor 
material 262 to increase the volume of the drain or source 
silicide 264. The increased volume of the drain or source 
silicide 264 minimiZes the resistance at the drain or source 
to enhance the speed performance of the vertical MOSFET 
400. 
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Referring to FIGS. 4, 5, and 22, the semiconductor ?ll 226 

is epitaxially groWn out of the opening 224 and onto the top 
layer of doped insulating material 218 to form a mushroom 
structure 272 of semiconductor material. The semiconductor 
?ll 226 including the mushroom structure 272 is comprised 
of silicon. The fourth dopant for forming the second drain or 
source contact junction 228 is implanted into the mushroom 
structure 272. Referring to FIGS. 6 and 23, the mushroom 
structure 272 acts as a masking structure over an inner 

portion of the top layer of doped insulating material 218 
such that the masking structure 236 comprised of photoresist 
material (in FIG. 6) is not needed. With the mushroom 
structure 272, an outer portion of the top layer of doped 
insulating material 218 not covered by the mushroom struc 
ture 272 is etched aWay. 

Referring to FIGS. 23 and 24, a vertical MOSFET 500 is 
formed by etching aWay the layer of dummy material 216 
and forming the gate dielectric 238 and the gate electrode 
244, in a similar manner as described in reference to FIGS. 
6, 7, 8, 9, 10, 11, and 12. Elements having the same reference 
number in FIGS. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 
22, 23, and 24 refer to elements having similar structure and 
function. For the vertical MOSFET 500 of FIG. 24, a drain 
or source silicide 274 is formed With the mushroom structure 
272 to increase the volume of the drain or source silicide 
274. The increased volume of the drain or source silicide 274 
minimiZes the resistance at the drain or source to enhance 
the speed performance of the vertical MOSFET 500. 

Referring to FIG. 25, in another embodiment of the 
present invention for fabricating a vertical MOSFET 600, 
the bottom layer of insulating material 214 is not doped With 
the second dopant. In that case, the ?rst drain or source 
extension junction 232 is doped With the ?rst dopant dif 
fusing into the ?rst drain or source extension junction 232 
from the ?rst drain or source contact junction 210. The 
temperature used for epitaxial groWth of silicon from tetra 
chloride (SiCl4), trichlorosilane (SiHCl3), dichlorosilane 
(SiH2Cl2), or silane (SiH4) as a reactant decreases With a 
loWer number of chlorine atoms and a higher number of 
hydrogen atoms for such reactants. For example, the tem 
perature for epitaxial groWth of silicon from tetrachloride 
(SiCl4) is in a range of from about 1150° Celsius to about 
1250° Celsius. The temperature for epitaxial groWth of 
silicon from trichlorosilane (SiHCl3) is in a range of from 
about 1100° Celsius to about 1200° Celsius. The tempera 
ture for epitaxial groWth of silicon from dichlorosilane 
(SiH2Cl2) is in a range of from about 1050° Celsius to about 
1150° Celsius. The temperature for epitaxial groWth of 
silicon from silane (SiH4) is in a range of from about 950° 
Celsius to about 1050° Celsius. 

Referring to FIG. 25, the bottom portion of the semicon 
ductor ?ll 226 is epitaxially groWn using one of tetrachloride 
(SiCl4), trichlorosilane (SiHCl3), or dichlorosilane 
(SiH2Cl2) at the temperature range of 1050° Celsius to 
1250° Celsius to form the bottom portion of the semicon 
ductor ?ll 226. At such relatively high temperatures, the ?rst 
dopant Within the ?rst drain or source contact junction 210 
diffuses into the bottom portion of the semiconductor ?ll 226 
during the epitaxial groWth of the bottom portion of the 
semiconductor ?ll 226 to form the ?rst drain or source 
extension junction 232. When the bottom layer of insulating 
material 214 is not doped With the second dopant, the ?rst 
drain or source extension junction 232 in this manner is 
doped With the ?rst dopant diffused from the ?rst drain or 
source contact junction 210. 
Once the bottom portion of the semiconductor ?ll 226 

reaches the layer of dummy material 216, the middle and top 
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portion of the semiconductor ?ll 226 are epitaxially grown 
using silane (SiH4) at the lower temperature of about 950° 
Celsius to about 1050° Celsius. Referring to FIG. 25, the 
second drain and source extension junction 234 is formed 
from diffuision of the third dopant from the top layer of 
doped insulating material 218. Referring to FIG. 26, the 
vertical MOSFET 600 is formed by etching aWay the layer 
of dummy material 216 in FIG. 25 and forming the gate 
dielectric 238 and the gate electrode 244, in a similar manner 
as described in reference to FIGS. 6, 7, 8, 9, 10, 11, and 12. 
Elements having the same reference number in FIGS. 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 25, and 26 refer to elements 
having similar structure and function. The MOSFET 600 
may be used to particular advantage for formation of an 
asymmetric MOSFET since the ?rst drain or source exten 
sion junction 232 and the second drain or source extension 
junction 234 are doped differently. 

The invention is limited only as de?ned in the folloWing 
claims and equivalents thereof. 
We claim: 
1. Amethod for fabricating a vertical ?eld effect transistor 

on a semiconductor substrate, the method including the steps 
of: 

A. forming a ?rst drain or source contact region doped 
With a ?rst dopant Within an active device area of said 
semiconductor substrate; 

B. depositing a bottom layer of doped insulating material 
on said semiconductor substrate, said bottom layer of 
doped insulating material being doped With a second 
dopant; 

C. depositing a layer of dummy material on said bottom 
layer of doped insulating material; 

D. depositing a top layer of doped insulating material on 
said layer of dummy material, said top layer of doped 
insulating material being doped With a third dopant; 

E. etching an opening through said top layer of doped 
insulating material, said layer of dummy material, and 
said bottom layer of doped insulating material; 
Wherein said opening is disposed over said active 

device area of said semiconductor substrate such that 
said opening has a bottom Wall of said semiconduc 
tor substrate; 

F. ?lling said opening With a semiconductor material to 
form a semiconductor ?ll contained Within said open 
ing; 
Wherein said semiconductor ?ll has at least one side 

Wall With a top portion of said at least one sideWall 
abutting said top layer of doped insulating material, 
and With a middle portion of said at least one 
sideWall abutting said layer of dummy material, and 
With a bottom portion of said at least one sideWall 
abutting said bottom layer of doped insulating mate 
rial; 

G. etching aWay said layer of dummy material such that 
said middle portion of said at least one sideWall of said 
semiconductor ?ll is exposed; 
Wherein a gate electrode opening disposed betWeen 

said top and bottom layers of doped insulating mate 
rial is formed When said layer of dummy material is 
etched aWay; 

H. forming a gate dielectric of said vertical ?eld effect 
transistor on said exposed middle portion of said at 
least one sideWall of said semiconductor ?ll; 
Wherein said middle portion of said semiconductor ?ll 

abutting said gate dielectric forms a channel region 
of said vertical ?eld effect transistor; 
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I. ?lling said gate electrode opening betWeen said top and 

bottom layers of doped insulating material With a gate 
electrode material, Wherein said gate electrode material 
abuts said gate dielectric to form a gate electrode of 
said vertical ?eld effect transistor; 
Wherein said gate dielectric and said gate electrode 

formed at said at least one sideWall of said semicon 
ductor ?ll is disposed on a plurality of planes of said 
channel region of said vertical ?eld effect transistor; 
and 

J. performing a thermal anneal such that said second 
dopant diffuses from said bottom layer of doped insu 
lating material into said bottom portion of said semi 
conductor ?ll to form a ?rst drain or source extension 

junction of said vertical ?eld effect transistor, and such 
that said third dopant diffuses from said top layer of 
doped insulating material into said top portion of said 
semiconductor ?ll to form a second drain or source 
extension junction of said vertical ?eld effect transistor. 

2. The method of claim 1, Wherein said semiconductor ?ll 
is formed as a line Within a trench line as said opening such 
that said gate dielectric and said gate electrode are formed at 
each of tWo sideWalls of said semiconductor ?ll. 

3. The method of claim 1, Wherein said semiconductor ?ll 
is formed to have a square shape Within a square hole as said 
opening such that said gate dielectric and said gate electrode 
are formed at each of four sideWalls of said semiconductor 
?ll. 

4. The method of claim 1, Wherein said semiconductor ?ll 
is formed to have a circular shape Within a circular hole as 
said opening such that said gate dielectric and said gate 
electrode are formed to surround said circular semiconduc 
tor ?ll. 

5. The method of claim 1, further including the step of: 
implanting a fourth dopant through an exposed top sur 

face of said semiconductor ?ll to form a second drain 
or source contact junction. 

6. The method of claim 5, Wherein said ?rst, second, third, 
and fourth dopants are the same dopant that is an N-type 
dopant for fabrication of a vertical NMOSFET (N-channel 
Metal Oxide Semiconductor Field Effect Transistor) and that 
is a P-type dopant for fabrication of a vertical PMOSFET 
(P-channel Metal Oxide Semiconductor Field Effect 
Transistor). 

7. The method of claim 5, Wherein said bottom and top 
layers of said doped insulating material are comprised of 
PSG (phospho-silicate glass) such that said second and third 
dopants are comprised of phosphorous for formation of a 
vertical NMOSFET (N-channel Metal Oxide Semiconductor 
Field Effect Transistor). 

8. The method of claim 5, Wherein said bottom and top 
layers of said doped insulating material are comprised of 
BSG (boro-silicate glass) such that said second and third 
dopants are comprised of boron for formation of a vertical 
PMOSFET (P-channel Metal Oxide Semiconductor Field 
Effect Transistor). 

9. The method of claim 5, Wherein said ?rst dopant 
implanted into said active device area of said semiconductor 
substrate forms a drain contact junction of said vertical ?eld 
effect transistor, Wherein said second dopant diffused into 
said bottom portion of said semiconductor ?ll from said 
bottom layer of doped insulating material forms a drain 
extension junction of said vertical ?eld effect transistor, 
Wherein said third dopant diffused into said top portion of 
said semiconductor ?ll from said top layer of doped insu 
lating material forms a source extension junction of said 
vertical ?eld effect transistor, and Wherein said fourth dopant 
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implanted through said top surface of said semiconductor ?ll 
forms a source contact junction of said vertical ?eld effect 
transistor. 

10. The method of claim 9, further including the step of: 
forming silicide With said source contact junction at said 

exposed top surface of said semiconductor ?ll to pro 
vide contact to a source of said vertical ?eld effect 
transistor. 

11. The method of claim 9, further including the step of: 
depositing a top intermediary layer of undoped insulating 

material betWeen said top layer of doped insulating 
material and said layer of dummy material, before said 
step E of etching said opening, such that said source 
extension junction, formed from said third dopant 
diffused into said top portion of said semiconductor ?ll 
from said top layer of doped insulating material, has 
minimiZed overlap With said gate dielectric. 

12. The method of claim 9, further including the step of: 
depositing a bottom intermediary layer of undoped insu 

lating material betWeen said bottom layer of doped 
insulating material and said layer of dummy material, 
before said step E of etching said opening such that said 
drain extension junction, formed from said second 
dopant diffused into said bottom portion of said semi 
conductor ?ll from said bottom layer of doped insulat 
ing material, has minimiZed overlap With said gate 
dielectric. 

13. The method of claim 9, further including the step of: 
doping said bottom layer of doped insulating material to 

have a graduated dopant concentration With a loWest 
concentration toWard the top near said layer of dummy 
material such that said drain extension junction, formed 
from said second dopant diffused into said bottom 
portion of said semiconductor ?ll from said bottom 
layer of doped insulating material, has a graduated 
dopant concentration With a loWest concentration 
toWard the channel region. 

14. The method of claim 9, further including the step of: 
doping said top layer of doped insulating material to have 

a graduated dopant concentration With a loWest con 
centration toWard the bottom near said layer of dummy 
material such that said source extension junction, 
formed from said third dopant diffused into said top 
portion of said semiconductor ?ll from said top layer of 
doped insulating material, has a graduated dopant con 
centration With a loWest concentration toWard the chan 
nel region. 

15. The method of claim 9, Wherein a concentration of 
said second dopant Within said bottom layer of doped 
insulating material is loWer than a concentration of said third 
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dopant Within said top layer of doped insulating material 
such that said second dopant Within said drain extension 
junction has a loWer concentration than of said third dopant 
Within said source extension junction. 

16. The method of claim 9, Wherein said bottom layer of 
insulating material is not doped With said second dopant, and 
Wherein said bottom portion of said semiconductor ?ll is 
doped With said ?rst dopant diffusing from said drain contact 
junction of said semiconductor substrate and into said bot 
tom portion of said semiconductor ?ll to form said drain 
extension junction. 

17. The method of claim 1, further including the steps of: 
etching aWay an outside portion of said top layer of doped 

insulating material such that an inside portion of said 
top layer of doped insulating material remains to sur 
round said top portion of said semiconductor ?ll, before 
said step G; 

anisotropically etching any exposed regions of said gate 
electrode material such that said gate electrode material 
remains substantially betWeen said inside portion of 
said top layer of doped insulating material and said 
bottom layer of doped insulating material to form said 
gate electrode; and 

forming silicide at any exposed surface of said remaining 
gate electrode material to provide contact to said gate 
electrode of said vertical ?eld effect transistor. 

18. The method of claim 1, Wherein said semiconductor 
substrate is comprised of silicon, Wherein said semiconduc 
tor material of said semiconductor ?ll is epitaxially groWn 
from said silicon at said bottom Wall of said opening in said 
step F, and Wherein said gate electrode material is comprised 
of polysilicon. 

19. The method of claim 18, Wherein said top and bottom 
layers of doped insulating material are comprised of doped 
silicon dioxide (SiOZ), and Wherein said layer of dummy 
material is comprised of silicon nitride (Si3N4) or silicon 
oxynitride (SiON). 

20. The method of claim 1, further including the step of: 
forming additional semiconductor material on top of said 

semiconductor ?ll; and 
implanting a fourth dopant into said additional semicon 

ductor material on top of said semiconductor ?ll to 
form a second drain or source contact junction of said 
vertical ?eld effect transistor. 

21. The method of claim 20, further including the step of: 
forming silicide With said additional semiconductor mate 

rial to provide contact to a drain or source of said 
vertical ?eld effect transistor. 


